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SEMICONDUCTOR PROBE AND ALIGNMENT
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods and appara-
tus for contacting integrated circuits for tests before
they have been packaged. More particularly, the pres-
ent invention relates to test probes and methods for

aligning the test probes with a semiconductor die prior
to testing.

2. Prior Art

As integrated circuits have become smaller and more
complex, early detection of faulty parts has become
more important in managing and containing costs.
Packaging costs have escalated significantly, especially
with respect to the more complicated devices. In some
circumstances, packaging can cost more than the silicon
die itself. Accordingly, testing on the wafer or die level
to eliminate faulty devices has become increasingly
important. Testing of an integrated circuit at the die
level requires the use of a probe card to make contact
with the bonding pads on the die.

Currently, there are three probe card styles that are in
general use: ceramic blade, metal blade, and epoxy ring.
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In each of these probe cards an array of long delicate -

needles or wires is attached to the probe base and the
wires are cut and bent in such a way that the ends corre-
spond to the bonding pads on the semiconductor die
being tested. As semiconductor devices have become
more complicated and have included more circuits, the
number of bonding pads and thus, the number of wires
on a probe has had to increase.

The material and length of the wires being used de-
pends upon various factors including contact force,
contact resistance, power requirements and density
requirements. Even with optimization, these wire
probes offer relatively poor electrical performance for
high speed signals.

The fragility of the needles on a probe can also cause
a number of problems. For example, they are easily bent
so that they are out of alignment or do not otherwise
make contact with the pad. Much of this is simply the
result of the numerous touchdowns which occur as
large batches of devices are tested by a single probe.

Another problem associated with these probes is
proper alignment. The ends of the needles must be visu-
ally aligned with the pads to which they correspond
before touchdown and contact occur. This slows down
the testing process and provides another source of pos-
sible error to the testing procedure.

A new technology which is being developed to test
semiconductor dies involves the use of membrane probe
cards. According to this technology, a flexible, dielec-
tric membrane supports a set of microstrip transmission
lines that connect the test electronics to the pads on the
die being tested. The transmission lines are formed by a
conductor trace pattern on one side of the dielectric
membrane. A contact bump is formed on the other side
of the membrane at the end of each transmission line
and is connected to the transmission line through a hole
in the membrane. An example of this technology is
disclosed by B. Leslie and F. Matta, “Membrane Probe
Card Technology (The Future For High Performance
Wafer Test),” Proceedings IEEE International Test Con-
Jerence, pp. 601-607 (1988). Some of the advantages of
this technology are discussed by C. Barsotti, S. Tre-
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2
maine and M. Bonham, “Very High Density Probing,”

Proceedings IEEE International Test Conference, pp.
608-614 (1988).

While these membrane probe cards promise many
advantages over the prior art, they still have certain
drawbacks. First, the flexible dielectric membrane has a
different coefficient of thermal expansion than the semi-
conductor die thus, potentially causing alignment prob-
lems when the die is tested at temperature extremes.
Additionally, these probe cards require that the dielec-
tric material be transparent so that the probes can be
visually aligned with the bonding pads on the die being
tested.

Accordingly, it would be an advancement in the art
to provide a semiconductor probe and alignment system
in which the probe is durable, permitting repeated
touchdowns without the need for readjustment, and is
compatible with high pin count dies. It would be a
further advancement in the art if such a probe were

made from materials having similar properties as the die
being tested.

It would also be an advancement in the art to provide
a system whereby a probe card could automatically be
aligned such that the contactors made contact with the
bonding pads on the die being tested.

SUMMARY OF THE INVENTION

The present invention provides a novel semiconduc-
tor probe and an alignment system which are durable,
automatic and reliable.

In the preferred embodiment of the probe of the pres-
ent invention, the body of the probe is formed from a
silicon or silicon-based material. A series of truncated,
pyramid-shaped bumps or contactors are formed on the
surface of the probe with the number and spacing being
designed to correspond to the bonding pads on the
silicon die to be tested. A metallic contact point is
formed on the top of each contactor and is connected
by suitable traces to the test apparatus. The silicon body
around each contactor is thinned to create a flexible,
compliant membrane. This flexibility and compliance
assures that the contact point on each contactor can
form a solid contact with its corresponding bonding pad
on the integrated circuit die. |

In one embodiment of the invention metallic contact
points are formed on the surface of the silicon layer and
are connected by metallic traces formed according to
standard technology. The surface of the silicon layer is
then etched back such that the metallic contact points
are positioned on the top of silicon pyramids. The sili-
con is etched back such that the pyramid is about 25 pm
in height. The back of the silicon is then selectively
etched away to form a membrane area about 10 pm
thick around the base of the pyramid.

In the preferred embodiment of the alignment system
of the present invention, a guide wall is formed on the
surface of the dies adjacent the bond pads which will be
used 1n testing. The guide wall can be formed of essen-
tially any type of photo-imageable material used in the
semiconductor industry. For example, suitable guide
walls can be formed from polyimides. The guide walls
have a height which is greater than the bonding pad and
is substantially less the width of the bonding pad. These
guide walls help guide the contact points on the probe
onto the bonding pads.

The guide walls can be formed by placing a stripe of
a photo-sensitive material such as a polyimide around
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the perimeter of each die to be tested so that it covers
the bonding pads. The stripe is then photo-imaged and
developed so that the pad is exposed while leaving a
wall 10 to 20 microns high around the pads.

While it is possible to create a guide wall which com-
pletely surrounds each bonding pad, it is not necessary
to do so as long as sufficient guide walls are provided on
the die to ensure that all of the contactors are correctly
ahgned with their corresponding bonding pads. For
example, 1n one preferred embodiment the guide wall is
formed only along the inner edge of the bonding pads.

A probe such as described above is mounted on a
suitable test board or probe card with the contactors
facing upward. A die having guide walls formed
thereon is then placed on top of the test probe and is
positioned as close to the proper alignment as possible
using rough guides which engage the edges of the die.
The probe and die are then vibrated such that the guide
walls and pyramid-shaped contactors interact causing
the contact points on the probe to align with and engage
the proper bonding pads on the die.

While the automatic alignment system of the present
invention is designed to operate in conjunction with the
semiconductor probes of this invention, it will be appre-
ciated that the alignment system can also be used with
other types of membrane probes. Additionally, the
probes of this invention can be used in test systems using
visual alignment methods.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood by reference to the
following detailed description of the preferred embodi-
ments when read in conjunction with the accompany-
ing drawings in which like elements have been given
like numerals and wherein:

FI1G. 1is a cross-sectional view of a first embodiment
of a semiconductor probe and modified die according to
the present invention.

FI1G. 2 1s a cross-sectional view of a second preferred
embodiment of a semiconductor probe and modified die
according to the present invention.

FIG. 3 is a top view of a portion of a semiconductor

die showing a preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention provides a novel semiconduc-
tor probe and an alignment system for testing and/or
burning i1n bare, unpackaged semiconductor dies. The
invention is best understood by reference to the draw-
ings which 1illustrate various embodiments of the pres-
ent invention.

Referring first to FIG. 1, a semiconductor die 10
having a bonding pad 12 formed on the surface thereof
1s illustrated in cross-section. Semiconductor die 10 and
bonding pad 12 could be any type of conventional inte-
grated circuit. A guide wall 14 is formed on the surface
of die 10 surrounding bonding pad 12.

Guide wall 14 is formed by placing a stripe of a
photo-sensitive material around the perimeter of die 10
such that 1t covers all of the bonding pads 12. The
photo-sensitive matenial can be selected from any of the
photo-sensitive materials commonly used in the semi-
conductor industry. In the preferred embodiment, guide
wall 14 is formed from a polyimide material. After the
stripe of material has been placed on die 10 it is photo-
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imaged and developed so that the pad is exposed while
leaving a wall 10 to 15 microns high around each pad.

The height of the wall can be varied depending upon
the other dimensions of the die, the bonding pads, and
the probe to be used. A height-to-width ratio of about
1:10 1s required to cause most geometric shapes to align
and self-seat. A normal bonding pad 1s about 90 microns
wide and the passivation around it is only 1 micron
high. Accordingly, the addition of a guide wall about 10
microns in height around the bonding pad will facilitate
self-alignment of a suitable probe onto the bonding pad.

While the embodiment illustrated in FIG. 1 utilizes a
guide wall which completely surrounds each bonding
pad, it will readily be appreciated by those skilled in the
art that the guide wall does not have to be this com-
plete. Depending upon the number and size of bonding
pads on the die, the guide wall can be formed in only
selected areas so long as there is sufficient wall to guide
and align all of the probe contactors onto their corre-
sponding bonding pads. For example, the guide wall
can be formed along only the inner side of each bonding
pad as illustrated in FIG. 3. Alternatively, the guide
wall could be formed around only selected pads. Such
alternatives will be readily apparent to those skilled in
the art.

With continued reference to FIG. 1, a first embodi-
ment of a semiconductor probe according to the present
invention is generally designated at 16. Probe 16 com-
prises a body formed from one or more layers of silicon
or silicon-based materials. Additional layers of other
materials can be formed on and between the layers of
stlicon.

A pyramid shaped contactor 20 formed from silicon
projects from probe 16 and is designed such that it can
engage bonding pad 12 on die 10. Additional pyramids
are formed on probe 16 to correspond to each bonding
pad on the die to be tested. While the preferred contac-
tor shape is a pyramid, it will be appreciated that other
shapes such as truncated cones can also be used. The
essential feature is that the sides of the contactor be
sloped to cooperate with the guide walls on the die to
cause automatic alignment and seating when the probe
and die are vibrated. The shape is also controlled by the
manor in which silicon can be etched.

A metallic contact point 22 is formed on the tip of
pyramid 20. In the preferred embodiment, contact point
22 1s formed from gold. A gold signal tracing 24 is
formed on the backside of pyramid 20 and extends to
the edge of probe 16 where it can be connected by
suitable means to a test board or probe card. In the
illustrated embodiment, pyramid 20 is formed from pure
silicon or silicon which has been doped such that it is
conductive to allow power from tracing 24 to be trans-
mitted fo bonding pad 12.

Probe 16 also includes a membrane portion 26 which
is formed from silicon or a silicon-based material and
has been thinned out to provide flexibility and compli-
ance to insure proper contact of point 22 with pad 12.
Membrane portion 26 can be formed from any of a
number of different silicon-based materials. In the illus-
trated embodiment, membrane 26 is formed from layers
30 and 32. It acts as a dielectric as well as providing
flexibility and compliance. Therefore it can be formed
from materials such as suitably doped silicon, silicon
nitride, or silicon dioxide.

A gold layer 28 1s formed on top of membrane por-
tion 26 to act as a reference plane. A silicon base or
substrate 18 i1s formed on or adhered to layer 28 to
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provide strength to probe 16. Substrate 18 and layers 30
and 32 generally form the body of probe 16.

By forming substrate 18 and membrane portion 26
from a silicon or silicon-based material, probe 16 has the
same coefficient of thermal expansion as the die being
tested. Accordingly, die 10 can be tested at temperature
extremes without creating alignment problems with
probe 16.

Reference is next made to FIG. 2 which illustrates a
second preferred embodiment of the semiconductor
probe of the present invention. In this embodiment, the
probe 1s generally referred to at 36.

Probe 36 also includes a base or substrate 18 having a
gold layer 28 formed thereon to act as a reference plane.
A dielectric layer 38 of silicon or a silicon-based mate-
rial is then formed over gold layer 28. Substrate 18 and
dielectric layer 38 form the body of probe 36.

A gold contact point 22 is formed on dielectric layer
38 along with a suitable gold signal trace 40 by which
probe 36 can be connected to a test board. Dielectric
layer 38 is selectively etched such that it creates a
pyramid shaped contactor 42 beneath contact point 22.
Base 18 is also selectively etched down to gold layer 28
around contactor 42 such that it cooperates with dielec-
tric layer 38 to form a relatively thin membrane portion
44. Contact point 22 can then be securely positioned on
bonding pad 12 to provide a good electrical connection
for testing of die 10.

In the embodiment of FIG. 2, a guide wall 34 has
been formed on die 10 similar to guide wall 14 in FIG.
1. However, in the embodiment illustrated in FIG. 2,
guide wall 34 is only formed along one side of bonding
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pad 12. By forming guide wall 34 on only one side of 35

bonding pad 12, it does not unduly interfere with gold
bridge 46 which remains after dielectric layer 38 has
been selectively etched away.

The semiconductor probes of the present invention
provide several advantages over the prior art. First,
since they are made from silicon or a siliconbased mate-
rial, they are relatively rugged and have the same coef-
ficient of thermal expansion as does the die being tested.
Thus, the contact points remain in place and the die can
be tested at temperature extremes without creating
alignment problems with the probe. Additionally, the
contact points on the probe can be formed with the
same accuracy as the bonding pads on the semiconduc-
tor die since they are formed utilizing the same technol-
ogy.

While the probes of the present invention can be
visually aligned and used with conventional semicon-
ductor dies, it is preferable to use these probes in con-
junction with the automatic alignment system of the
present invention. The automatic alignment system

45

50

33

65

5,239,260

6

includes the formation of guide walls around the bond-
ing pads on the semiconductor die.

When utilizing this system, the probe is mounted on a
suitable test board or probe card in a test fixture with
the contractors facing upward. An individual die to be
tested 1s then placed on top of the probe and roughly
aligned by its edges. The probe is then vibrated to cause
the die to align itself precisely and drop over the con-
tactors. A vacuum can be used to assist in the docking
and aligning of the die and to hold it in place during
testing. Alternatively, a positive air stream which is
applied to the back surface of the die can be used. The
amplitude and frequency of the vibration used during
alignment can also be varied to cause a penetration of
any oxides or other contaminants which may have been
formed on the bonding pads.

While the invention has been described with respect
to the presently preferred embodiments, it will be ap-
preciated by those skilled in the art that many modifica-
tions or changes can be made without departing from
the scope or essential characteristics of the invention.
For example, different types of materials and configura-
tions can be used for the guide walls as well as different
configurations for the probe contactors. Additionally,
the body of the probe can be formed from many differ-
ent silicon layer configurations. Accordingly, the fore-
going description is meant to be illustrative and not
restrictive and the following claims are intended to
embrace all such modifications and changes.

What is claimed is:

1. A semiconductor probe alignment system compris-
ing:

a semiconductor die having bonding pads thereon

and a guide wall adjacent said bonding pads; and

a probe mounted on a suitable probe card, said probe

having a plurality of pyramid shaped contactors
extending from a surface thereof, said contactors
corresponding to the bonding pads on said die and
being small enough and shaped such that said con-
tactors interact with said guide wall on said die to
align the contactors with the bonding pads and
move past the guide wall into contact with the
bonding pads.

2. A semiconductor probe alignment system accord-
ing to claim 1 wherein said guide wall surrounds at least
a portion of each bonding pad.

3. A semiconductor probe alignment system accord-
ing to claim 1 wherein said guide wall is formed only
along the inner side of each bonding pad.

4. A semiconductor probe alignment system accord-
ing to claim 1 wherein said guide wall is formed from a
photo-imageable material.

5. A semiconductor probe alignment system accord-
ing to claim 4 wherein said guide wall is formed from a
polyimide.
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